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original facial image test set 1s higher than a
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METHOD AND DEVICE FOR FACIAL
IMAGE RECOGNITION

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of China Patent Appli-
cation No. 201910881025.X, filed on Sep. 18, 2019, the

entirety ol which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The present disclosure relates generally to biometrics, and
more particularly to a method and apparatus for facial
recognition.

Description of the Related Art

Since the face 1s an important biological feature of human
beings, much research related to the face has been con-
ducted. One of the important applications of this research 1s
in facial recognition, which uses computer analysis to com-
pare facial features for recognition. When face recognition 1s
used as the basis for access control, the management and
installation costs of a proximity card can be omitted, and the
trouble of a person who forgets their card when entering or
leaving the gate can be avoided. Compared with other
biometric recognition methods, face recognition 1s per-
formed 1n a non-invasive and non-contact manner, which 1s
casy for most people to accept. In particular, when you don’t
have time to swipe your card or press the password with
your hand, this 1s one of the advantages of face recognition
technology.

In addition, another important research related to the face
1s face detection. Face detection 1s usually used when a
suspicious moving object enters the setting of a surveillance
camera, and immediately detects and activates facial recog-
nition and tracking to lock in on the moving object and
determine whether 1t 1s a suspicious intruder.

However, due to modern people’s constant pursuit of
trends, they often wear hats, glasses, sunglasses, masks,
makeup, etc. At the same time, when performing face
recognition, the recognition angle may be different due to
the difference 1n an individual’s height and body shape, for
example. This will cause recognition angle problems, such
as lowering of sides and head. How to quickly and accu-
rately recognize the results of faces 1n different states 1s an
urgent 1ssue.

Therefore, there 1s a need for a method and device for face
recognition to improve the accuracy of face recognition.

BRIEF SUMMARY OF THE INVENTION

A method and device for facial image recognition are
provided. An embodiment of a method for facial image
recognition 1s provided. A plurality of original facial images
are received. A plurality of standard facial images corre-
sponding to the original facial images are generated through
a standard face generation model. A recognition model 1s
trained by using the original facial images and the standard
facial images. The recognition model 1s tested by using the
original facial image test set and a standard facial image test
set until the recognition model recognizes that the first
accuracy rate of the original facial image test set 1s higher
than a first threshold value and the second accuracy rate of
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the standard facial image test set 1s higher than a second
threshold value. The original facial image test set 1s com-
posed of the original facial images by sampling, and the
standard facial image test set 1s composed of the standard
facial 1images by sampling.

Furthermore, an embodiment of a face recognition device
1s provided. The face recogmition device includes one or
more processors and one or more computer storage media
for storing computer readable instructions. The processor
uses the computer storage media to recerve a plurality of
original facial images; generate a plurality of standard facial
images that correspond to the original facial images through
a standard face generation model; train a recognition model
by using the original facial images and the standard facial
images; and test the recognition model by using the original
facial image test set and a standard facial image test set until
the recognition model recognizes that the first accuracy rate
of the oniginal facial image test set 1s higher than a first
threshold value and the second accuracy rate of the standard
facial image test set 1s higher than a second threshold value.
The original facial image test set 1s composed of the original
facial images obtained by sampling, and the standard facial
image test set 1s composed of the standard facial images
obtained by sampling.

Moreover, an embodiment of a method for facial image
recognition 1s provided. A first standard facial image corre-
sponding to a first original facial image of a user 1s generated
through a standard face generating model. A second standard
facial image corresponding to a second original face image
of the user 1s generated through the standard face generation
model. The second original facial image 1s compared with
the first original facial image to obtain a first similarity, and
comparing the second standard facial image with the first
standard facial image to obtain a second similarity. A final
similarity 1s calculated according to the first similarity and
the second similarity.

Furthermore, an embodiment of a face recognition device
1s provided. The face recogmition device includes one or
more processors and one or more computer storage media
for storing computer readable instructions. The processor
uses the computer storage media to generate a first standard
facial 1mage that corresponds to the first original facial
image of the user through a standard face generating model;
generate a second standard facial image that corresponds to
the second original face image of the user through the
standard face generation model; compare the second original
tacial 1mage with the first original facial image to obtain a
first similarity, and compare the second standard facial
image with the first standard facial image to obtain a second
similarity; and calculate the final similarity according to the
first similarity and the second similarity.

A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading
the subsequent detailed description and examples with ref-
erences made to the accompanying drawings, wherein:

FIG. 1 shows a schematic diagram illustrating a face

recognition system according to an embodiment of the
invention.

FIGS. 2A through 2L show the original facial images
according to an embodiment of the invention.

FIG. 3 shows a standard facial image according to an
embodiment of the invention.
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FIG. 4 1s a flow chart illustrating a method 400 of facial
image recognition according to an embodiment of the inven-

tion.

FIG. 5 shows a correspondence relationship between the
original facial image 1n the original facial image test set and
the facial image 1n the standard facial image test set accord-
ing to an embodiment of the mvention.

FIG. 6 shows a flowchart illustrating a method 600 for
face recognition according to an embodiment of the inven-
tion.

FIG. 7 shows an exemplary operating environment for
implementing embodiments of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The following description 1s of the best-contemplated
mode of carrying out the invention. This description 1s made
for the purpose of illustrating the general principles of the
invention and should not be taken 1n a limiting sense. The
scope of the invention 1s best determined by reference to the
appended claims.

Various aspects of the disclosure are described more fully
below with reference to the accompanying drawings. This
disclosure may, however, be embodied 1n many different
forms and should not be construed as limited to any specific
structure or function presented throughout this disclosure.
Rather, these aspects are provided so that this disclosure will
be thorough and complete, and will tully convey the scope
ol the disclosure to those skilled i the art. Based on the
teachings herein one skilled 1n the art should appreciate that
the scope of the disclosure 1s intended to cover any aspect of
the disclosure disclosed herein, whether implemented inde-
pendently of or combined with any other aspect of the
disclosure. For example, an apparatus may be implemented
or a method may be practiced using number of the aspects
set forth herein. In addition, the scope of the disclosure 1s
intended to cover such an apparatus or method which 1s
practiced using other structure, functionality, or structure
and functionality in addition to or other than the various
aspects ol the disclosure set forth herein. It should be
understood that any aspect of the disclosure disclosed herein
may be embodied by one or more elements of a claim.

The word “exemplary” 1s used herein to mean “serving as
an example, 1nstance, or illustration”. Any aspect described
herein as “exemplary” 1s not necessarily to be construed as
preferred or advantageous over other aspects. Furthermore,
like numerals refer to like elements throughout the several
views, and the articles “a” and “the” includes plural refer-
ences, unless otherwise specified 1n the description.

It should be understood that when an element 1s referred
to as being “connected” or “coupled” to another element, 1t
may be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion. (e.g., “between” versus “directly between”, “adja-
cent” versus “directly adjacent”, etc.).

FIG. 1 shows a schematic diagram 1illustrating a face
recognition system 100 according to an embodiment of the
invention. The face recognition system 100 includes at least
an 1mage capture device 110 and a recogmition device 120
connected to a network 130.

The set angle of the image capturing device 110 1s mainly
an angle capable of catching a human face to capture a facial
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image. The image capture device 110 may be any commer-
cially available device or apparatus that can capture images,
such as a webcam.

The recognition device 120 may include an mnput device
122, and the 1nput device 122 1s configured to receive input
data from various sources. For example, the recognition
device 120 may receive the facial image data from other
source devices or receive the facial image transmitted by the
image capture device 110 through the network 130. The
recognition device 120 may also receive the training 1images
including faces, and may further be trained as a recognizer
configured to recognize a face according to the received
training 1mages.

The recogmition device 120 further includes a processor
124 and a memory 128. In addition, the images may be
stored 1n the memory 128. In one embodiment, the recog-
nition device 120 may be used with components, systems,
sub-systems, and/or devices other than those that are
depicted herein.

The types of recognition device 120 range from small
handheld devices, such as mobile telephones and handheld
computers to large mainframe systems, such as mainframe
computers. Examples of handheld computers include per-
sonal digital assistants (PDAs) and notebooks. The image
capture device 110 1s connected to the recogmition device
120 through the network 130. The network 130 may be any
type of network familiar to those skilled in the art that can
support data communication by using any one of the com-
munication-available protocols, including but not limited to
TCP/IP and so on. For example, the network 130 can be a
local area network (LAN), such as an Ethernet network, etc.,
a virtual network, including but not limited to a virtual
private network (VPN), the Internet, a wireless network,
and/or any combination of these and/or other networks.

It should be understood that the recognition device 120
shown 1n FIG. 1 1s example architecture of the face recog-
nition system 100. Each of the elements shown in FIG. 1 can

be implemented by any type of computing device, such as
computing device 700 described with reference to FIG. 7, as
shown 1 FIG. 7.

In order to facilitate the description of the embodiments of
the invention, an original facial image and a standard facial
image are defined first. The original facial image 1s defined
as the onginally obtained facial image. For example, the
original facial image may be a facial image configured with
wearing ornaments (such as masks, glasses, hats, etc.), a
facial image with hair, a facial image with makeup, a facial
image with expressions (e.g., exaggerated expression), a
facial 1mage where the non-critical part of the face 1is
blocked or a facial image showing only the side. FIGS. 2A
through 2L show the original facial images according to an
embodiment of the mvention. FIGS. 2A and 2B show that
the oniginal facial images are the facial images having
multiple expressions (e.g., frown, open mouth and other
expressions). FIGS. 2C through 2H show that the original
facial images are the facial images showing only a side face
or the facial images 1n which a face 1s deviated 1n a specific
direction. FIGS. 21 through 2L show that the original facial
images are the facial images configured with wearing orna-
ments (for example, a mask, glasses, hat, etc.).

A standard facial image 1s defined as a frontal image
including only a face area. For example, a standard facial
image 1s a frontal face image with no makeup on the face
area, no hair, and no decorations (such as a mask, glasses,
hat, etc.). FIG. 3 shows a standard facial image according to
an embodiment of the invention. As shown 1n FIG. 3, the
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standard facial image has only the face area, and no other
decorative objects (such as masks, glasses, hats, etc.).

FIG. 4 1s a flow chart 1llustrating a method 400 of facial
image recognition according to an embodiment of the inven-
tion. This method 400 can be implemented in the processor
124 of the recognition device 120 as shown i FIG. 1.

In step S405, the recognition device recerves a plurality of
original facial images. In one embodiment, the recognition
device may receive the original facial images from other
source devices or receive the original facial images trans-
mitted by the image capture device through the network. The
collections of original facial images can also be referred to
herein as the original facial image test set.

Next, in step S410, the recognition device generates a
plurality of standard facial images corresponding to the
original facial images through a standard face generation
model. For example, when the original facial image 1s
covered by a mask (such as mouth, nose) or 1s a side face,
the standard face generation model may simulate and gen-
crate the covered part. For example, when the original facial
image 1s a side face (as shown i FIGS. 2C, 2D, 2E, 2F, 2G
and 2H) or the mouth and nose are covered by a mask (as
shown 1n FIGS. 2K and 2L), a part of the facial information
1s missing, and the covered parts are generated by simulation
with the standard face generation model. In one embodi-
ment, the standard face generation model 1s a generative
adversarial network (GAN). The GAN refers to a method for
generating a standard face by using the generative adver-
sarial network. Specifically, GAN further includes the cor-
responding derivative technologies and methods, such as
inforGAN, BigGAN, cycleGAN, AttGAN, StarGAN and so
on. In another embodiment, the standard face generation
model 1s a variational auto-encoder (VAE). It should be
noted that the standard face generation model can be 1mple-
mented by the processor 124 1n the recogmition device 120
of FIG. 1. In addition, a set of the plurality of standard facial
images can also be referred to herein as a standard facial
image test set, wherein the facial images in the original
tacial 1image test set and the facial images in the standard
facial 1image test set correspond one-to-one, and the corre-
sponding relationship 1s shown 1n FIG. 3. It should be noted
that the facial images 1n the original facial image test set and
the facial images 1n the standard facial image test set can be
randomly collected test 1images or the facial images of the
actual users. In the face recognition process, when the facial
images used by the recognition model during the training
phase 1s the randomly test images, the user’s original facial
image and the corresponding standard facial image can be
re-entered into the database of the recognition model. When
the facial images used by the recognition model 1n the
training process 1s the facial image of the actual user, the
user’s original facial image and the standard facial image are
directly imported into the database of the recognition model.
It 1s more 1mportant to note that when re-entering the user’s
original facial image and the corresponding standard facial
image or importing the actual user’s original facial image
and the standard facial image into the database of the
recognition device, the recognition model can be used
without retraining.

In step S415, the recognition device uses the original
tacial image and the standard facial image to train a recog-
nition model. In one embodiment, the recogmtion model 1s
a convolutional neural network (CNN). In step S420, the
recognition device tests the recognition model by using the
original facial image test set and the standard facial image
test set until the recognition model recognizes the first
accuracy rate of the original facial image test set 1s greater
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than a first threshold value and the second accuracy rate of
the standard facial image test set 1s greater than a second
threshold value, wherein the original facial image test set 1s
composed of the original facial images obtained by sampling
and the standard facial image test set 1s composed of the
standard facial images obtained by sampling. It should be
noted that the first threshold value and the second threshold
value can be set artificially according to the actual use
conditions and requirements of product applications. For
example, under normal circumstances, the first threshold
value and the second threshold value may be set to 50%, that
1s, when the recognition model 1s accurately expanded by
more than half, the recognition model may be considered to
have suflicient recognition ability. However, under stricter
application requirements such access control i1dentification
and immuigration identification, the first threshold value and
the second threshold value may be set to a proportional value
(for example, 99%), that 1s, when the accuracy rate of the
recognition model exceeds the threshold value, the recog-
nition model has recognizable ability.

In another embodiment, after performing step S420, the
recognition device may further test the recognition model by
using a hybrid test set, wherein the hybrid test set 1s
composed of random samples of the original facial images
in the original facial image test set and the standard facial
images in the standard facial image test set. For example, the
hybrid test set consists of a random sample of the original
facial images and the standard facial images at difierent
ratios (e.g., 1:1, 2:1, or 1:2), or the hybnd test set consists of
the original facial images and the standard facial images that
are composed of random samples without limiting the
proportion or number according to the actual test conditions.
When the recognition model recognizes that a third accuracy
rate of the hybrid test set 1s higher than a third threshold
value, the recognition device may determine that the recog-
nition model has the ability to recognize both the original
face and the standard face. In the embodiment, 1t should be
particularly noted that, in some practical applications, step
S420 does not need to be performed, and a hybrid test set 1s
used to test the recognition model. More specifically, the
recognition model 1s tested separately by using a hybrid test
set, so that the recognition model has the ability to recognize
both the original face and the standard face at the same time
without step S420 for training the recognition model.

The process of how the recognition device trains and tests
the recognition model to perform face recognition 1s
described in detail below. FIG. 6 shows a flowchart 1llus-
trating a method 600 for face recognition according to an
embodiment of the mnvention. The method 600 may be
executed 1n the processor 124 of the recognition device 120
in FIG. 1.

Betore the flow begins, the recognition device has previ-
ously trained and tested the recognition model. In addition,
the recognition device may store a first original facial image
corresponding to one user at first. In step S605, the recog-
nition device generates a first standard facial 1mage corre-
sponding to the first original facial image of the user through
the standard face generation model. In one embodiment, the
standard face generation model 1s a generative adversarial
network. In another embodiment, the standard face genera-
tion model 1s a variant auto-encoder. It should be noted that
the standard face generation model can be implemented by
the processor 124 of the recognition device 120 1n FIG. 1. In
some practical applications, the first original facial image
and the first standard facial image are directly imported from
the original facial image test set and the standard facial
image test set that 1s generated when the face recognition
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model 1s trained, to the database of the recognition device.
In other practical applications, the first original facial image
and the first standard facial image are re-entered into the
database of the recognition device according to various
applications. It should be noted that the first original facial
image and the first standard facial image are stored in
advance as a user’s facial image in the database of the
recognition device. In other words, the first original facial
image and the first standard facial image are pre-stored
1mages.

Next, i step S610, the recognition device generates a
second standard facial image corresponding to a second
original facial image of the user through the standard face
generation model. The second original facial image may be
received by the recognition device from other source devices
through the network, or may be transmitted by the image
capture device, and the second standard facial image may be
generated 1n real time through the standard face generation
model. In other words, the second original facial image and
the second standard facial image are instant images. It
should be noted that the first original facial image or the
second original facial image may be a facial image having
multiple expressions (e.g., exaggerated expression) or other
objects (e.g., masks, glasses, hats, etc.). In another embodi-
ment, the recognition device may also receive an 1mage
including the corresponding user. For example, the image
may include more than two different faces, and one of the
different faces 1s the second original facial image. It should
be noted that the first standard facial image and the second
standard facial image are each a frontal facial image 1includ-
ing only one face area and no other objects 1n the face area.

Next, 1 step S6135, the recognition device compares the
second original facial image with the first original facial
image to obtain a first similarity, and compares the second
standard facial image with the first original facial image to
obtain a second similarity.

In step S620, the recognition device calculates a final
similarity according to the first similarity and the second
similarity, and the final similanity FinalSimilarity 1s
expressed as follows:

FinalSimilarity=oxS1imiP2 P1+pPpxSimiuf2F1,

where SimiP2P1 i1s the first similarity, SimiF2F1 1s the
second similarity, o and {3 are values between 0 and 1,
a+p=1 and a.=f. In one embodiment, ¢=0.5 and [3=0.5. The
purpose of az= will be explained 1n detail below. In most
cases, the recognition rate of the original facial image 1s
higher than that of the standard facial image. However, it
some facial features are hidden, the recognition rate of the
standard facial image 1s higher than that of the original facial
image. Therefore, after performing face recognition by
combining the original facial image and the standard facial
image, the recognition device gives a higher weight a to the
recognition rate of the original facial image and a weight [
to the recognition rate of the standard facial image, so as to
improve the success rate of face recognition.

In another embodiment, after performing step S620, the
recognition device may further compare the second original
tacial image with the first standard facial image to obtain a
third similarity, and compare the second standard facial
image with the first original facial 1mage to obtain a fourth
similarity. The recognition device may calculate the final
similarity based on the first similarity, the second similarity,
the third similarity, and the fourth similarity, and the final
similarity FinalSimilanty 1s expressed as follows:

FinalSimilarity=oxS1imiP2 P1+PxSimuF 251 +yx
SImiP2P1+0oxSimif2F1,
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where SimiP2P1 1s the first similarity, SimiF2F1 1s the
second similarity, S1miP2F1 1s the third similarity, and
Simi1F2P1 1s the fourth similanty, o, p, v and o are values
between O and 1, and a+p+y+0=1, a=p+y+0, and >v+0. In
one embodiment, a=0.5, $=0.3, v=0.1, and 6=0.1. In the
following, the meanings of azP+y+0, and P>v+0 will be
described 1n more detail. In most cases, the recognition rate
of the original facial image 1s higher than that of the standard
facial image. However, 11 some facial features are hidden,
the recognition rate of the standard facial image i1s higher
than that of the oniginal facial image. Therefore, after
performing face recognition by combining the original facial
image and the standard facial image, the recognition device
gives a higher weight o to the recognition rate of the original
facial 1image. In addition to paying more attention to the
recognition rate of the original facial image and assigning a
higher weight a, the recognition rate of the standard facial
image 1s still used as a reference. However, the recognition
rate of the standard facial image 1s still higher than that using,
the cross comparison between the original facial image and
the standard facial image. Therefore, the recognition device
sets the weight {3 of the standard facial image to greater than
the weight sum v+0 of the cross comparison between the
original facial image and the standard facial image. It should
be noted that the values ¢, 3, v and 0 are not meant to limit
the present disclosure, and a person of ordinary skill in the
technical field to which they belong may make appropriate
substitutions or adjustments according to this embodiment.

As described above, the methods and devices for face
recognition of the disclosure uses a standard face generation
model to remove the decoration of the original facial image,
so as to help facial recognition and improve accuracy.

For the embodiments of the invention that have been
described, an exemplary operating environment i which
embodiments of the invention may be implemented 1is
described below. With specific reference to FI1G. 7, FIG. 7
shows an exemplary operating environment for implement-
ing embodiments of the ivention, and can generally be
considered a computing device 700. The computing device
700 1s only one example of a suitable computing environ-
ment, and 1s not intended any limitation on the scope of use
or function of the mvention. Nor should computing device
700 be interpreted as having any dependency or requirement
relating to any or combination of the elements shown.

The mvention can be implemented in computer code or
machine usable mstructions, which can be computer execut-
able 1nstructions of a program module, the program modules
being executed by a computer or other machine, such as a
personal digital assistant or other portable device. Generally,
a program module includes routines, programs, objects,
components, data structures and so on, and the program
module refers to a code that performs a specific task or
implements a specific abstract data type. The mvention can
be mmplemented in a variety of system configurations,
including portable devices, consumer electronics, general
purpose computers, more specialized computing devices,
and the like. The mvention can also be implemented 1n a
distributed computing environment to process devices
coupled by a communication network.

Retfer to FIG. 7. The computing device 700 includes a bus
710, a memory 712, one or more processors 714, one or
more display elements 716, mput/output (I/O) ports 718,
input/output (I/O) components 720 and an illustrative power
supply 722. The bus 710 represents an element (e.g., an
address bus, a data bus, or a combination thereof) that can
be one or more bus bars. Although the blocks of FIG. 7 are
shown in a line for the sake of brevity, in practice, the
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boundaries of the various elements are not specific, for
example, the presentation elements of the display device
may be considered as I/O elements, and the processor may
have memory.

Computing device 700 generally includes a vanety of
computer readable media. The computer readable medium
can be any available media that can be accessed by com-
puting device 700, including both volatile and non-volatile
media, removable and non-removable media. By way of
example and not limitation, the computer readable media
may include computer storage media and communication
media. The computer readable media 1s also included 1n any
method or technique for storing information such as com-
puter readable instructions, data structures, program mod-
ules or other data for volatile and non-volatile media,
removable and non-removable media. The computer storage
media 1ncludes, but 1s not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disc (DVD) or other optical disc
storage device, magnetic disk, disk, disk storage device or
other magnetic storage device, or any other medium that can
be used to store the required information and that can be
accessed by the computing device 700. The computer stor-
age media itself does not include signals.

The communication media typically includes computer
readable 1nstructions, data structures, program modules or
other data 1n the form of modular data signals such as carrier
waves or other transmission mechanisms, and includes any
information delivery media. The term “modular data signal”
refers to a signal that has one or more feature sets or 1s
modified 1n such a way as to encode information in the
signal. By way of example and not limitation, the commu-
nication media includes both wired and direct-wired wired
and wireless media, such as audio, radio, infrared, and other
wireless media. The combination of the above media 1s
included in the scope of computer readable media.

The memory 712 includes computer storage media 1in the
form of volatile and non-volatile memory. The memory can
be removable, non-moving or can be a combination of the
two. Exemplary hardware devices include solid state
memory, hard disk drives, optical disk drives, and the like.
The computing device 700 includes one or more processors
that read data from entities such as the memory 712 or the
I/O component 720. The display component 716 displays a
data indication to a user or other device. Exemplary display
clements include display devices, speakers, printing ele-
ments, vibrating elements, and the like.

The 1I/O port 718 allows the computing device 700 to be
logically coupled to other devices including I/O component
720, some of which are built-in devices. Exemplary com-
ponents include a microphone, a joystick, a game table, a
satellite signal receiver, a scanner, a printer, wireless
devices, etc. the I/O component 720 can provide a natural
user interface for handling user generated gestures, sounds,
or other physiological inputs. In some examples, these
inputs can be passed to a suitable network element for
turther processing. The NUI can implement speech recog-
nition, touch and stylus recognition, facial recognition,
biometric recognition, gesture recognition on the screen and
adjacent screens, aerial gestures, head and eye tracking, and
the random combination of touch recognition associated
with display by computing device 700. The computing
device 700 can be equipped with a depth camera such as a
stereo camera system, an infrared camera system, an RGB
camera system, and combinations of these systems to detect
and recogmze gestures. Additionally, the computing device
700 can be equipped with an accelerometer or gyroscope
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that detects motion. The output of the accelerometer or
gyroscope can be provided to the computing device 700 for
display to present an immersive augmented reality or virtual
reality.

In addition, the processor 714 in the computing device
700 can also execute the programs and instructions 1n the
memory 712 to present the actions and steps described in the
above embodiments, or other descriptions 1n the description.

Any specific sequence or layering of the procedures
disclosed herein 1s by way of example only. Based on design
preferences, 1t must be understood that any specific order or
hierarchy of steps in the program may be rearranged within
the scope of the disclosure. The accompanying method
claims present elements of the various steps 1n an exemplary
order and should not be limited by the specific order or
hierarchy shown here.

The use of ordinal numbers such as “first”, “second”,
“third”, etc., used to modily elements 1n the scope of the
patent application does not imply any priority, prioritization,
prioritization between elements, or method. The order of the
steps, and only used as an 1dentifier to distinguish different
clements having the same name (with different ordinal
numbers).

While the invention has been described by way of

example and 1n terms of the preferred embodiments, it
should be understood that the invention is not limited to the
disclosed embodiments. On the contrary, 1t 1s mntended to
cover various modifications and similar arrangements (as
would be apparent to those skilled 1n the art). Theretfore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. A method for facial image recognition, comprising:

recerving a plurality of original facial images;

generating a plurality of standard facial images corre-
sponding to the original facial images through a stan-
dard face generation model;

training a recognition model by using the original facial
images and the standard facial images; and

testing the recognition model by using an original facial
image test set and a standard facial 1image test set until
the recognition model recognizes that a first accuracy
rate of the original facial image test set 1s higher than
a first threshold value and a second accuracy rate of the
standard facial image test set 1s higher than a second
threshold value, wherein the original facial image test
set 15 composed of the original facial images obtained
by sampling, and the standard facial image test set 1s
composed of the standard facial images obtained by
sampling,

wherein each of the standard facial images 1s a frontal
facial image having only one face area and no wearing,
object 1n the face area,

wherein the original facial 1mages are facial i1mages
having wearing objects.

2. The method as claimed in claim 1, further comprising:

using a hybrid test set to test the recognition model,
wherein the hybrid test set consists of a random sample
of the original facial images and the standard facial
1mages.

3. The method as claimed in claim 1, turther comprising:

generating a first standard facial image corresponding to
a first original facial image of a user through the
standard face generating model;
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generating a second standard facial image corresponding
to a second original facial image of the user through the
standard face generation model;

comparing the second original facial image with the first

12

wherein the original facial 1mages are facial i1mages
having wearing objects.

11. The face recognition device as claimed in claim 10,

wherein the process further uses the computer storage media

original facial image to obtain a first similarity, and 5 to:

comparing the second standard facial image with the
first standard facial image to obtain a second similarity;
and
calculating a final similarity according to the first simi-
larity and the second similarity.
4. The method as claimed in claim 3, wherein the final
similarity FinalSimilarity 1s expressed as follows:

FinalSimilarity=axSimiP2 P1+PpxSimiF2F1,

wherein S1miP2P1 1s the first similarity, St1miF2F1 1s the
second similarity, a, and [ are values between 0 and 1,
and a+p=1 and a=f3.

5. The method as claimed 1n claim 3, further comprising;:

comparing the second original facial image with the first
standard facial image to obtain a third similarity, and
comparing the second standard facial image with the
first original facial image to obtain a fourth simailarity;
and

calculating the final similarity according to the first simi-
larity, the second similarity, the third similarity, and the
fourth similarity.

6. The method as claimed i1n claim 5, wherein the final

similarity Final Similarity 1s expressed as follows:

FinalSimilarity=oxS1imiP2 P1+PxSimuF 251 +yx
SImiP2F1+0xSimif2P1,

where SimiP2P1 1s the first stmilarity, S1miF2F1 1s the
second similarity, S1miP2F1 is the third similarity, and
S1mi1F2P1 1s the fourth similarity, wheremn ¢, p, v and
0 are values between 0 and 1, and a+p+y+0=1, azp+
v+0, and p>y+0.

7. The method as claimed in claim 1, wherein the wearing
object comprises mask, glasses or hat.

8. The method as claimed 1n claim 1, wherein the standard
face generation model 1s a generative adversarial network
(GAN).

9. The method as claimed 1n claim 1, wherein the standard
face generation model 1s a vanational auto-encoder (VAE).

10. A face recognition device, comprising;:

one or more processors; and

one or more computer storage media, storing computer

readable 1nstructions, wherein the processor uses the
computer storage media to:

receive a plurality of original facial images;

generate a plurality of standard facial images correspond-

ing to the original facial images through a standard face
generation model;

train a recognition model using the original facial images

and the standard facial images; and

test the recognition model using an original facial image

test set and a standard facial image test set until the
recognition model recognizes that a first accuracy rate
of the original facial image test set 1s higher than a first
threshold value and a second accuracy rate of the
standard facial image test set 1s higher than a second
threshold value, wherein the original facial image test
set 1s composed of the original facial images obtained
by sampling, and the standard facial image test set 1s
composed of the standard facial images obtained by
sampling,

wherein each of the standard facial images 1s a frontal

facial image having only one face area and no wearing
object 1n the face area,
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use a hybrid test set to test the recognition model, wherein
the hybrid test set consists of a random sample of the
original facial images and the standard facial images.
12. The face recognition device as claimed in claim 10,
wherein the process further uses the computer storage media
to:
generate a first standard facial image corresponding to a
first original facial image of a user through the standard
face generating model;
generate a second standard facial image corresponding to
a second original facial image of the user through the
standard face generation model;
compare the second original facial image with the first
original facial image to obtain a first similarity, and
compare the second standard facial image with the first
standard facial image to obtain a second similarity; and
calculate a final similarity according to the first similarity
and the second similarity.
13. The face recognition device as claimed 1n claim 12,
wherein the final similarity FinalSimilarity 1s expressed as
follows:

FinalSimilarity=axSimiP2 P1+PpxSimiF2F1,

wherein S1miP2P1 1s the first stmilarity, SimiF2F1 1s the
second similarity, a, and [ are values between 0 and 1,
and a+p=1 and a=3.

14. The face recognition device as claimed 1n claim 12,
wherein the process further uses the computer storage media
to:

compare the second original facial image with the first

standard facial image to obtain a third similarity, and
comparing the second standard facial image with the
first original facial image to obtain a fourth similarity;
and

calculate the final similarity according to the first simi-

larity, the second similarity, the third similarity, and the
fourth similarity.

15. The face recognition device as claimed 1n claim 14,
wherein the final similarity FinalSimilarity 1s expressed as
follows:

FinalSimilarity=axSimiP2 Pl +PxSimiF2F1 +yx
SImiP2F1+0xSimif2P1,

where SimiP2P1 1s the first similanty, SimiF2F1 1s the
second similarity, S1miP2F1 1s the third similarity, and
S1miF2P1 1s the fourth similarity, wheremn ., p, v and
0 are values between 0 and 1, and a+p+y+0=1, o=+
v+0, and [3>y+0.

16. The face recognition device as claimed 1n claim 10,
wherein the wearing object comprises mask, glasses or hat.

17. The face recognition device as claimed 1n claim 10,
wherein the standard face generation model 1s a generative
adversarial network (GAN).

18. The face recognition device as claimed 1n claim 10,
wherein the standard face generation model 1s a variational
auto-encoder (VAE).

19. A method for facial image recognition, comprising;:

generating a first standard facial image corresponding to

a first original facial image of a user through a standard
face generating model;

generating a second standard facial image corresponding,

to a second original facial image of the user through the
standard face generation model;
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comparing the second original facial image with the first
original facial image to obtain a first similarity, and
comparing the second standard facial image with the
first standard facial image to obtain a second similarity;
and

calculating a final similarity according to the first simi-

larity and the second similarity,

wherein each of the first and second standard facial

images 1s a frontal facial image having only one face
area and no wearing object 1n the face area,

wherein the first and second original facial 1images are

facial 1mages having wearing objects.

20. The method as claimed 1n claim 19, wherein the first
original facial image and the first standard facial image are
pre-stored 1mages.

21. The method as claimed 1n claim 19, wherein the
second original facial image and the second standard facial
image are instant images.

22. The method as claimed 1n claim 19, wherein the final
similarity FinalSimilarity 1s expressed as follows:

FinalSimilarity=oxSimiP2 P1+PxSimiF2K1,

wherein S1miP2P1 1s the first similarity, St1miF2F1 1s the
second similarity, o, and [ are values between 0 and 1,
and a+p=1 and a=p.
23. The method as claimed 1n claim 22, wherein a=0.5
and 3=0.5.
24. The method as claimed in claim 23, wherein a=0.5,
3=0.3, v=0.1, and 06=0.1.
25. The method as claimed 1n claim 19, further compris-
ng:
comparing the second original facial image with the first
standard facial image to obtain a third similarity, and
comparing the second standard facial image with the
first original facial 1mage to obtain a fourth similarity;
and
calculating the final similarity according to the first simi-
larity, the second similarity, the third similarity, and the
fourth similarity.
26. The method as claimed 1n claim 25, wherein the final
similarity FinalSimilarity 1s expressed as follows:

FinalSimilarity=axSimiP2 P1+SimiF2F1+yx
SimiP2F1+0xSimif2P1

where SimiP2P1 1s the first stmilarity, SimiF2F1 1s the
second similarity, S1miP2F1 is the third similarity, and
S1mi1F2P1 1s the fourth similarity, wheremn ¢, p, v and
0 are values between 0 and 1, and a+p+y+0=1, o=+
v+0, and p>y+0.

27. The method as claimed in claim 19, wherein the
wearing object comprises mask, glasses or hat.

28. The method as claimed in claim 19, wherein the
standard face generation model 1s a generative adversarial
network (GAN).

29. The method as claimed in claim 19, wherein the
standard face generation model 1s a vanational auto-encoder
(VAE).

30. A face recognition device, comprising;:

one or more processors; and

one or more computer storage media, storing computer

readable 1nstructions, wherein the processor uses the
computer storage media to:

generate a first standard facial image corresponding to a

first original facial image of a user through a standard
face generating model;
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generate a second standard facial image corresponding to
a second original facial image of the user through the
standard face generation model;

compare the second original facial image with the first
original facial image to obtain a first similanty, and
compare the second standard facial image with the first
standard facial image to obtain a second similarity; and

calculate a final similarity according to the first similarity

and the second similarity,

wherein each of the first and second standard facial
images 1s a frontal facial image having only one face
areca and no wearing object 1n the face area,

wherein the first and second original facial images are

facial 1images having wearing objects.

31. The face recognition device as claimed 1n claim 30,
wherein the first original facial image and the first standard
facial 1mage are pre-stored 1mages.

32. The face recognition device as claimed 1n claim 30,
wherein the second original facial image and the second
standard facial image are instant images.

33. The face recognition device as claimed 1n claim 30,
wherein the final similarity FinalSimilarity 1s expressed as
follows:

FinalSimilarity=axSimiP2 P1+pxSimif2F1,

wherein S1miP2P1 i1s the first stmilarity, St1miF2F1 1s the
second similarity, o, and P are values between 0 and 1,
and a+p=1 and a=p.

34. The face recognition device as claimed 1n claim 33,
wherein o=0.5 and 3=0.5.

35. The face recognition device as claimed 1n claim 30,
wherein the process further uses the computer storage media
to:

compare the second original facial image with the first

standard facial image to obtain a third similarity, and
comparing the second standard facial image with the
first original facial image to obtain a fourth similarity;
and

calculate the final similarity according to the first simi-

larity, the second similarity, the third similarity, and the
fourth similarity.

36. The face recognition device as claimed 1n claim 35,
wherein the final similanty FinalSimilarity 1s expressed as
follows:

FinalSimilarity=axSimiP2 Pl +PxSimiF2F1 +yx
SimiP2F1+0xSimifF2P1

where SimiP2P1 1s the first similarnty, SimiF2F1 1s the
second similarity, S1miP2F1 1s the third similarity, and
S1miF2P1 1s the fourth similarity, wheremn ., p, v and
0 are values between 0 and 1, and a+p+y+0=1, o=+
v+0, and [3>y+0.
37. The face recognition device as claimed 1 claim 36,
wherein ¢.=0.5, =0.3, v=0.1, and 0=0.1.
38. The face recognition device as claimed 1n claim 30,
wherein the wearing object comprises mask, glasses or hat.
39. The face recognition device as claimed 1n claim 30,
wherein the standard face generation model 1s a generative
adversarial network (GAN).
40. The face recognition device as claimed 1n claim 30,

wherein the standard face generation model 1s a variational
auto-encoder (VAE).
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